We have used polymorphic DNA markers to map the gene for a clinically well-characterized form of osteochondrodysplasia, diastrophic dysplasia (DD), an autosomal recessive disorder of unknown pathogenesis. Linkage was analyzed in 13 families with two or three affected sibs comprising a total of 84 individuals. Positive two-point logarithmof-odds (lod) scores were obtained between the DD locus and three polymorphic markers on chromosome 5. The highest pairwise lod score estimate of 7.37 with zero recombination to locus DSS72 suggests very tight linkage. There was no evidence of heterogeneity. Multipoint linkage analysis against the published order of the three loci gave the result centromere-DSS84-(DD, D5S72)-DSS61-terminus with a four-point lod score of 9.11. The present findings place the DD locus distal to the gene for adenomatous polyposis coli on the distal part of the long arm of chromosome 5. Our results provide a basis for refining the map position of the DD locus followed by physical localization, isolation, and characterization of the gene.
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The osteochondrodysplasias are constitutional disorders of the skeletal system that result in disturbed growth and/or density of bone. They frequently cause severe physical handicap including short stature, deformities of the spine, precocious osteoarthrosis, and a variety of other symptoms. Several forms are lethal. More than 80 distinct osteochondrodysplasias have been described and classified (1) . Although most ofthe forms are rare, collectively they constitute a substantial group of human disorders. With a few exceptions discussed below, the underlying biochemical defects are unknown and so the diagnosis is based on clinical and radiographic findings (2, 3 (6, 7) . The severity of the disease varies widely even among siblings (8) .
The disease is inherited as an autosomal recessive trait. It (5) (6) (7) 9) . The 13 families chosen for this study were the ones with two or more affected siblings who were willing to participate. The total number of individuals studied was 84, including 29 
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RESULTS
In the absence of obvious candidate genes for DD we started a blind search in the 13 families by using markers spanning the autosomal genome (11, 17) . After =60% of the genome had been excluded, linkage was detected with probe CRI-L45 (locus D5S61). The alleles for two of the markers, DSS72 and DSS61, detected in the DD families are shown in Fig. 1 . Pairwise logarithm-of-odds (lod) scores between DD and three markers on chromosome 5 are shown in Table 2 . No recombination was observed between DD and D5S72, with a lod score of 7.37 suggesting very close linkage. All the families except 1 were informative for this marker; in 7 families both parents were informative (Fig. 1) . With the remaining two loci recombination was observed, the maximum lod score between DD and locus DSS61 being 4.01 at a recombination fraction of 0.09 and between DD and D5S84 being 0.62 at a recombination fraction of 0.20. Four-point linkage analysis was carried out using the available published information on marker order and distances (17) . As the distance between the most widely spaced markers in the interval studied by us measures 28 centimorgans (cM) in males and 60 cM in females, we used the distance ratio value of 2 in our calculations. The results of the multipoint linkage analysis are shown in Fig. 2 . DD maps with locus D5S72, giving a maximum lod score of 9.11. The odds for this location as compared with the second best (between D5S72 and DSS6W) were of the order of 2 x 104 to 1. Our linkage data are in concordance with the published locus maps of the region (17, 18) , allowing us to tentatively place DD at least 20 cM distal to locus D5S84. This locus has been extensively studied due to its proximity to the locus for adenomatous polyposis coli (APC). Available data (12) indicate that DSS84 maps some 4 cM distal to APC, which is believed to reside in 5q21-22 (19) , that is, in the distal half of the long arm of chromosome 5. Thus we conclude that DD is distal to 5q21-22.
DISCUSSION
The gene mutations responsible for the numerous osteochondrodysplasias are mostly unidentified. Collagens are major structural proteins of bone and cartilage. Consequently the collagen genes have been considered to be prime candidate sites for the mutations in several osteochondrodysplasias. Indeed, mutations in the COLIAJ and COLIA2 genes of type I collagen have been found in osteogenesis imperfecta (20) . Mutations in the COL2AJ gene of type II collagen occur in some forms of spondyloepiphyseal dysplasia (21, 22) . Genetic linkage has been established between COL2AJ and Stickler syndrome in some families (23) . All these osteochondrodysplasias are inherited as autosomal dominants. In DD attention has also been focused on type II collagen. Abnormalities of collagen II have been observed, e.g., by electron microscopy (2) and by peptide mapping (24) ; however, these changes seem not to be due to a defect in COL2AJ. Southern blot analysis using gene probes from COL2AJ failed to show any gross rearrangements (25, 26) , and segregation analysis using COL2AJ probes and flanking markers did not suggest linkage (26) . In recessive disorders like DD, abnormalities in genes coding for structural proteins may be less likely than mutations in genes encoding proteins affecting connectivetissue metabolism. For instance, it has been suggested that an enzymatic deficiency in chondrocyte mucopolysaccharide and glucose metabolism might cause the disease (27) . However, confirmative evidence has not been reported.
The region in which we have mapped the DD locus is known to contain a number of genes encoding proteins with a possible pathogenetic significance for the disease, including genes encoding growth factors, growth factor receptors, and hormone receptors (18) . On distal 5q there also resides a gene for osteonectin, a major noncollagenous protein in bone (18) . These Rimoin (9) many DD patients have simply been thought to represent achondroplasia. For these reasons DD may still be underdiagnosed in many populations. In contrast, Finland provides a situation in which the ascertainment of rare disorders is as complete as generally possible (30) . Since the first description of DD in Finland (31), one of us (I.K.) has studied it extensively. Cases have been ascertained nationwide through collaboration with geneticists, pediatricians, orthopedic surgeons, and other members of the medical community. In 1980 at least 40 patients had been discovered (7) . Presently 160 patients affected with DD are known in Finland (I.K., unpublished data).
As far as we know, descriptions of less than 300 patients with DD have been published in the rest of the world; thus the frequency of the DD gene is likely to be considerably higher in Finland than in other populations. That the maximum lod score of 7.37 occurred at a recombination fraction of 0.00 strongly suggests that DD is genetically homogeneous in Finland. It remains to be determined if DD families from elsewhere show evidence of mapping to the same region, which would suggest genetic homogeneity worldwide. When even closer markers than those described in this paper are identified, homozygosity and disequilibrium mapping (32) could be used to refine the map in the immediate vicinity of DD.
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